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3+EFLOPS
Tensor Ops

5-10X
Application Perf Over Titan

ACME

DIRAC FLASH GTC

HACC LSDALTON NAMD

NUCCOR NWCHEM
QMCPACK

RAPTOR SPECFEM XGC

Real,
Accelerated 

Science

10X
Perf Over Titan

20 PF

200 PF

Order of Magnitude
Leap in 

Computational Power

• Deployments beginning with full 

acceptance in 2018 

• Significant application performance 

over Titan (AMD/NVIDIA)

• Achieved with ¼ the servers  
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Procure& 
Deploy

Sequoia  (LLNL)

ATS 1 – Trinity  (LANL/SNL)

ATS 2 – Sierra (LLNL)

Tri-lab Linux Capacity Cluster II (TLCC II)

CTS 1

CTS 2

‘22

System
Delivery

ATS 3 – Crossroads (LANL/SNL)

ATS 4 – (LLNL)

‘23

ATS 5 – (LANL/SNL)

Sierra is the next ASC ATS platform

Sequoia and Sierra are the current and next-generation Advanced Technology Systems at LLNL 



The Sierra system

Mellanox Interconnect
Single Plane EDR InfiniBand 
2 to 1 Tapered Fat Tree

IBM POWER9
• Gen2 NVLink

NVIDIA Volta
• 7 TFlop/s
• HBM2
• Gen2 NVLink

Components

Compute Node
AC922

2 IBM POWER9  CPUs
4 NVIDIA Volta GPUs
NVMe-compatible PCIe 1.6 TB SSD
256 GiB DDR4 
16 GiB Globally addressable HBM2 

associated with each GPU
Coherent Shared Memory 

Compute Rack
Standard 19” 
Warm water cooling

Compute System
4320 nodes

1.29 PB Memory
240 Compute Racks

125 PFLOPS
~12 MW

GPFS File System

154 PB usable storage
1.54 TB/s R/W 

bandwidth
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IBM POWER SYSTEMS

AC922

Designed for the AI Era

Delivering Enterprise-Class AI

High level System Overview

▪ 2-Socket, 2U Packaging

▪ 40 P9 Processor cores 

▪ 4/6 NVIDIA Volta 2.0 GPUs 

▪ 1/2 TB Memory (16x - 64GB DIMMs) 

▪ 4 PCIe Gen4 Slots

▪ 2x SFF (HDD/SSD), SATA, Up to 7.7 TB 
storage

▪ Supports 1.6TB and 3.2TB NVMe Adapters

▪ Redundant Hot Swap Power Supplies and 
Fans

▪ Default 3 year 9x5 warranty, 100% CRU



IBM LC 
Models

OpenPOWER

AC922

2018
IBM Scale-Out
AIX + IBM i + Linux

2018
IBM Enterprise
Centaur RAM
AIX + IBM i + Linux

Slim core
20 CPU core, SMT=4
Linux, HPC, & KVM

Fused core
12 CPU core, SMT=8 
PowerVM





InfiniBand EDR 100Gb/s – PCIe Gen 4 verses PCIe Gen 3
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Gen4 Dual Port 

Bidirectional, 392,46…

Gen3 Dual Port 

Bidirectional, 201.32 …
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The PCIe Gen 4 Difference (Gen3 to Gen4

EDR InfiniBand bandwidth test)

MESSAGE SIZE BYTES

• ~2x faster IB network connectivity enabled PCIe Gen 4

• Best server technology for clustering servers with PCIe Gen 4 networking and will be expanding 
to other devices to leveraged the aggregate bandwidth advantages



Other CPUDDR4

GPU
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CPU with PCIe link to GPU

Graphics 
Memory

P9 CPUDDR4

150 GB/s

POWER9 with NVLink 2.0 Volta Technology

GPU

Graphics 
Memory

GPU

Graphics 
Memory

NVLink



CORAL Software Architecture

Network

Compute nodes

Burst buffer

Function shipping

PGI runtime

CUDA runtime

Spectrum  MPI

ESSL

Daemon synchronization 

services

Service Nodes

xCAT

Aggregation

Compute node

Services

Environment and

RAS collection 

Mellanox Scalable SA

Front End Nodes

Spectrum Scale 

client

Compilers

XL/PGI/LLVM

PE DE

Elastic Storage 

server 

120 Petabytes

1.2 TB/sec read

1.0 TB/sec write

Management nodes

Platform LSF

xCAT services

Integrated SQL DB

Job history

RAS event history

Big Data interface

Big Data Storage

Environment data

RAS data

Search

Event trigger

CORAL Software Stack leverages IBM’s 

Mainstream Software Roadmap

Additional Innovations include

• GPU Accelerated Math Libraries

• Spectrum Scale Scaling

• Messaging layer to exploit GPU Direct 

• Burst Buffer and Function Shipping

• Scalable Cluster System Management 
Infrastructure and integrated with LSF 

• Open Source Tools, Scalable 
Diagnostics

• Accelerated Support for a Diverse Set 
High Level Programming Models

CORAL Software
|



Summit Applications

▪ QMCPACK:  Material Science, 

▪ Analyzing materials on atomic level

▪ CoMet: Genome Analysis

▪ MENNDL: AI Deep Learnin Networks

▪ GTC: Gyrokinetic Toroidal Code: Plasma Simulaton

▪ NAMD: Computational Biophysics

▪ Molecular Dynamic Simulation, 

▪ NUCCOR: Nuclear Physics

▪ RAPTOR: Engineering/Combustion CFD

▪ GronOR: Comp. Chemistry, Photovoltaic Apps. 
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GoogLeNet – 1000 epochs
LOWER IS BETTER

3.8x 
faster

[9709]
seconds

4xTesla

V100 GPUs

PCIe3

train more | build more | know more

• POWER9 delivers 3.8x reduction in 
AI training with same NVIDIA GPU

Benchmark details in speaker notes.

[2622]
seconds

4xTesla 

V100 GP

NVLink 2.0



[2940]
seconds

LOWER IS BETTER

4xTesla 

V100 GP

NVLink 2.0

3.7x 
faster

[11215]
seconds

4xTesla

V100 GPUs

PCIe3

GoogLeNet – 1000 epochs

Benchmark details in speaker notes.

train more | build more | know more

POWER9 delivers 3.7x reduction in 
AI training with same NVIDIA GPU

Benchmark details in speaker notes.



2.3x 
faster

[2042]
images / 
second

4xTesla

V100 GPUs

PCIe3

train more | build more | know more

• POWER9 delivers 2.3x more 
images processed per second vs 

tested x86 systems

Benchmark details in speaker notes.

[4763]
images /
second

4xTesla 

V100 GP

NVLINK 2.0

GoogLeNet – 1000 epochs
HIGHER IS BETTER



Děkujeme za pozornost


